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tnf ectiorw with hepatto C virus [HCV) are marked by freQuentYlr&l 
perriatence, Tronic liver dbeue, and BMtraprOfn&ry viral genetic 
diversity. Arthouqh mum has been leametl about HCV sine* Its 
<ff«ovcry, progress has been Slowed by a lath of permbtivo cot) 
culture system* supporting Its replication. Production infections 
hove been achieved recently uvrtti genotype 2a viru*, but clrrhosli 
and ifver cancer are typically auMJftt«d with gerxrtype 1 HCV, 
MrhJch h mora pr*»vaW and relatively rwbttAt to I FN therapy. We 
describe production of Infectious qenptypc 1a HCV ki crib irans- 
f«rted with synthctle RNA derived from a prototype Virus (H77-U 
VIril proteins aceumvJptcd mora slowly In M77-5 transfectad cells 
thnn in cefb tnmTfected with genotype ?a (JFH-1J RNA. but «ub> 
*Untlally more H77-S RNA was SeXteted into supernatant Hulde. 
Mort wctod Mi A wes nonlftrecttDUS, banding in fcopycnlc gra- 
dient at a density of U04-TJ»7 am/cm* but inf activity WQ( 
assocJaied wltn H77-5 particles posuufng a density e* 1-13-1.14 
gm/cm J . Tne specific infectivity of H77-S particles (5.4 x 10* RNA 
copies per (ocut-forming unit) was ticaiifkentjy fewer then JFH-| 
virus lUxl(H RNA eoaie* per focua-formlrtq unH), infwtfon wttfi 
efthor virus w» blocked by CDB1 wrtbodr, 5erci fr«m BenDtype 
la-infected individuals neutrafind H77-5 vim*, but had ifttie ac- 
tivity against genotype 2b virus, suggestlnQ that thes*. flehotypes 
represent different serotypes. Th# ability o< this genotype 1i vftur 
to infect cultured cells Win substantially benefit antiviral and 
vocctoe discovery Drttarams. 

Oouyant density I CDS1 | cafl aAtunt [ noutrafelna •ntftxxiy | M^pe 

Despite intensive research efrbm many gap* remain in on* 
understanding of hcp&titfs <*: virus (HCV) the mech«. 
nisrns hy which It causes chnoaic liver injury (1). To u large 
extern, (his Situation reflects the absence of tractable cell culture 
systems thai are pernuwrvc Cor viru$ replica don. Recent reports 
S^Ki*? 6 e( 5 cicnt PfOpafitttion of e genotype 2a strain of 
icjrritr l ' * rtI "tcd, wh< >Jfy genotype 2a chimera. R> 
J6/JFHj hav© ihua stimulated much iniCTCSI (2-4). Thz 
virufl appenra to he unique among siralns Of HCV in terrcii ol its 
abtlity to undL-rgo pmdiicrivc Infection. Many aspecti of the 
virus- huat interaction, Including viral entry, assembly, and re- 
t^osc. that were previously uiaccflKihle to cxperimenul manip- 
ulation, can now be studied wing the JFH-1 Btrain i, n d ib 
Chimeric derivatives However, the fie-nOLypc 2a JFH-1 strain ij 
not reprewnrativfl of tho gcnniyp& 1 stnum of HCV that arc 
principally acRociwtod with liver diacaac w most regions of The 
world <5). There ie chu* on imporramt need tn develop systsmj; 
supportinfi replication of oihei HCV gcnoiypcs In Cell culture. 

Lika aJl po«tiv^5irtnd RNA viruses. HCV po«fe«e« an 
error-prone RNA rcpljcasti. Straps Oi HCV show extraordmary 
generic drverslry. hoth In terms ol quasi-epccicn variAtion within 
in/CCTCCt indtviduiji, ait well a* genetic dutancea between viruses 
belongiiig io <!,ttcranc genotypefl (5, 6). Pmrwijc difference? in 
the OUCicotida wqueocea of the six HCV esrnDtypw mc OD me 
order of 31-3396. Thto degree of yariatiun approximaics the 
genetic distance between members of ifte classical flavivlrus 
»rOEToup3, such aa the four dengue viruses and members of the 

1310-211? | pnas I Fsbruiry Ti.200fi | tn; | c*.7 



Jupanejic onoeph«|iti B iarogrou^ ihat rcprwenr scroloeicilJy 
^nd aeneticclly J JtJ tinct Wr^ca (7). The extent ro which Cficlcai 
cpjtopes involved m antibody (AbV-mediaicd ncUTraJIzarion var- 
Jftti amone, different HCV £Cnotypcs p nor well undcrrtood. 
Neucrqliwcion studies using pseudo typed retroviruj; partides 
aiiijcrat considerable rclaiedncs3 amcng dittcrent MCV gano- 
typci (8). but rhese conciuaon« need to bo confirmed in neu- 
tralization si utiles using authentic HCV. There al» may he 
important distinctions m the capacity of different eenoiypcs of 
HL'V to esiahhsb long-term poreiaTertce or to cauSv liver di^a.ic. 
prrtiosif and livef cmcer are WptcdlvnMociafcd whh Jjcnocypc 
1 viruses, which are moat prevalent (5). As Important, there are 
marked difference in the therapeutic responses of dtiterent 
aertO<Ypo.\ wirh eenutype 1 viruses being least UkeJy and 
^notypc 2 virviCA mos* hlccly Id rcspontl to lKN-na*od 

therapy (9). Collectively, this marked genetic heterogeaauy and 
the corresponding clioica* outcome differences underccore the 
inrpurtancc of developing gtnatypa I replication ?yst C ma 

tJniDOCiilicd genomic RNA derived from the Reno type Zo 
JW-r strain of WCv praduass infecrioua virus pamdcj nftw 
ttflnsfcction Into Huh7 hopatoma cells (2, S)_ l a conr™. the 
ganome of the prototype flonotypt u virus. H77, alrhough 
capable of efficient replication in cljrmpanzees. rcpllcares pOCrty 
in cell culture (10, 11). Nonetheless, We rccemry reported the 
cfbcitrtr replication of H77 genoraic RNA containing five adap- 
tive mutation* (referred herein m "htmT) in Huh7 hopa- 
i?^l a SS! is (12) ' Thcs& ac:,H P tive '""Taiions a«Iyoa ted within the 
NS3, NS4A. and N-S'IA proteins ($ec l A). Merc, we describe 
production Of i nf eCUous HC V in cells triinvfectcd with ihis RNA. 
We compare lie faiaphyciciU propcrtie$ of A enoiyp« In ojtd 2» 
particles produtwd in cell culture and ahnw thai ihc iC viruses can 
be madiry disTinsuiihod acroJofi^lly. Alihoiifih powering lower 
«pCCifac iniecnv,ty then JPH-1 virus produced in cell culnife. the 
ability of this genotype In virug ;o infect cultured cells sh&uld 
cub$t«nhally benefit antiviral and vaccine discovery programs. 

ROfUftE 

Previous srudiCS have shown rbat a combination of five cell 
cuJmrc-adaprrve mutacirinv provide for efficient replication of 
rhC geilOLypc la HT /-S RNA in tranafccrerl J^uh? cells (12) To 
assets Ihe ability of Ihia highh/ eeil-cullure-adapre.| RNA to 
pruducc infenHovt vfruj in Uhnaf acted ccb\ wu urcittcd a related 
mutant, H^-S/AElp?, with an ir-frame deletion of SCUUCnce 
ertcodicg the HCV atroctura] proteins, El. fe2. and p7, that 
should eliminate virus particle fcjnnarlon but not impair viral 
RNA replication fFig. \A). Synnhetic RNa 1r»r^Tbed from 
these rwo connrucw. and an RNA replitation-defecrive mutant 
contain In £ an Ala- Ala-CHy substitution for the conpervad C!y- 



^bb^o^iora- rru, locufforfniftfl unit; nrv. riepatftn Cviria. 

r ™ ' n ? CTQnt "tJ irnmuntty, Untvwri ty * T»W tocdkll Branch, 301 O^i* 
• Scoc by The Notional AcatTcrrr/ oi xienio at tn* WA 

WWl«.pr>as.or9/cgt/(te v *l0.10T2/pn«^a5io?a7i03 



PAGE 69179 ' RCVD AT 7/1 1/2006 1 1 :49:03 AM [Eastern Daylight Time] ' SVR:USPTO-EFXRF-3/16 " DNIS:2730904 ' CSID:512 536 4598 ' DURATION (mm-ss):2W2 



07/11/2006 11:11 FAX 512 536 4598 



FULBRIGHT G JAWORSKI 



0 070/079 



El 



raps' 



B 



Can LVMte 



Supemaam 



I i i ~ ft i I 




'48 7 • fl 10 11 13 
Pore H53 

4* 7U 06 48 73 0$ Mrt 




D H77-S 



Pig. 1. Replication ol h7?-K &/id Jf M-1 UNA* In cf*nsf*cr«d Huh-7 J <*H«, (A) 
Organization of the W77-4 goruimic RWA. ih owing taction of thafiva adap- 
tive mutagens and the htz-vo-Ho* mutant if> which sequence enccruno the 
structural proteins was deleted, to? termquantltnm? KI-PCK assays tor HCV 
RNA m tysates (left) and Fupernacanr fluids tmgnr) or transtened Huh-7 5 

cclh. (O Irnmunobtot detection of the HCV cons and NS3 proteins in trans- 
fectcd Mjh-7.6 cell*. (D) Care antigen detected by indirect immufiotluo/eB- 
cencB 9& h after tranrf»ction of Huk-7.5 cellt with tha IndlcaUd RNA. 



A£p-A£p mOlif in the NS5B polymerase active lite (H77-S/ 
A AG), mere elect roporated into Huh-V.i ccJlc. These calk are 
deficient in signaling virus activation of IFN-0 synthesis through 
the irtTrpcellulaf rftimric acid -inducible gene I (R1G-I) pathway 
and arc highly permissive fur HCV RNA replication (13. 14). In 
parallel. Huh-7 J cells were transffceted with simiJar RNa tran- 
scripts QtrtvCl* from the J>H-1 virus and relHted mutants 
containing either b deletion of El and E2 or a Gly-Afln-As p 
substitution in NS5B, Cells were nooaitored for replication of the 
rrArtifeeted RNA* by a scmiqu an tiki rive RT-PCR assay targeting 
an 1 .9-kh .srgmcnr of rhe NSfcoriing region (see Materials and 



Mctfwds). This assay is sensitive and specific for replication of 
synthetic viral RNAs after tninsfccrinn. 

florfi che H77-S and JFH-I RNAs repHcared efficiently in 
Huh-7. 5 cells, as did the related mutants in which the structural 
protein* were deleted (Fig. IB, lanes 1, 3 and 4, 6). RNA 
fiyntheris u/a* evident as early at 12 h after electroporaiion, with 
Htrong RT-PCR sign alb obtained from ryaatcs prepared 36 h aflor 
trftjisfoction. Theee levels of RNA persisted in th* I177-S and 
H77/S-AElp7 tmnafected cells through 96 h after transfeciion 
(lAriea 1 and 3), whereas the RT-PCR signal was notably 
dctrcascd in JFIJ-i «nd JFH-1/AE1E2- transfix red cells by 
72~9d h compared with thai present ac 3d h (lanes 4 and o"). In 
contrasr. viral RNA was not detected in lysaies of cells irans- 
fieacd wiin me NS5B mutants, indicating a failure cf replication 
(Fig. \B, lanes 2 And 5). Thexe results were confirmed by 
uttmunoWoi detect! on at tlte core and nSj pfoteinc in lyiaies of 
the tranifectdd cells (Fig- )C) and by immunofluorescence 
imaging of the core proUin (Fig. LD), 

Several interesting differences were apparent in the expression 
of H77-S and JKH-1 proteins. Despite high abundance of viral 
RNA in H77-S t/ajisfeaed cells (F«. IB), JFH-J tranafcciod cdb 
contninod svb3t*miAjly more «ore> prot«in t particularly at enrly 
time paints (Fijeu 1C). Core accumulated slowly in H77-S trans- 
acted cell;, whereas in abundance waj maximal nr the cftrlicsl 
rime poin l, 48 h, in JFI3- 1 traiwfectecl cells. Imnmnofl uoresccncc 
siaininc wns nlso subsrantiniiy iDnre inrensr for core anrifien in 
rJic .TFH-.t (nmsfecred cells (Fig- XT)). NS3 abundance aJso 
Increased wlxh rime in H77-S rransfecred cells, whereas maximal 
levels were present at 4* b in J^H-i transteaefl ceils (ng. H'O. 
1 ht Jess imense NV* S ig na i m j^-m-i lmmunotjlois likeiy rellects 
antigenic difterencfifi between JFH-1 And HHS % w the NS3 Ab 
was raised lu genu type la protein, in contrast, the antigenic 
monoclonal Ab (mAb) we uced recognizes an epitope located 
between re^iduci 2I-dO of thB protein, which if con carved in 
both viruses. These results 6Uggeflt that JFH-1 RNA produces 
more core pro(ein than H77-S RNA or that the JFH-1 core 
protein has greater stability than the H77-S protcia in Huh- 7.5 
cells. However, a smaller proporcion of eelte expressed detect- 
able core naliEcn in the JFH-1 tranrfected cultures 96 h after 
rransfection (Fig. ID). Thii difference suggests that JfPH*l RNA 
replication may be associated with greater cell dcaih than H77*S. 

Because Huh7 celts iransfecied wldi the JFH-1 RNA are 
known tii release infediOus virus purticles (2, 3), we compared 
the sccrcLiun of viral RNA from these cells into the supernatant 
culture fluids. Substantially more viraJ RNA was rslaas^d into 
supernatant fluids from H77-S tranelocied cdb; ihan from JFH-1 
tra effected call{ (Fig. \B 7 compare Janes 7 and 10), with the 
abundance of H77-S RNA rfclcisod inwcw&in^ between 36 nnd 
96 h- In fi^nTrott, JFH-1 RNA rclowc was minimal and detected 
only Ht 36 h after transection in this aaaay. However, the relB&ae 
of oither of dim RNA* into the .tuptfrnaittnl fluids ^voS not 
dependent on fixprunion of tho ernvJope proteins (lanes 9 nnd 
12), indicating drat the presence of viral UNA in the culture 
media is ncn indicative qf viral parricb assembly. 

Clarified supcrDHtam cuirarc fluids collected ?4-<)6 h afcer 
transfecrion were rested for The presence of Infectious vims rjy 
inoculation tin it) naive Huh-7 J cells, fullCwed by fixation and 
staining tor the presence of enre antigen 96 h Incer. Core was 
pf&cent in iiumcroiu calif inoculated with the JFH-I supcrnatam 
fhiids (Fig. 74 Rig) J), coneistentwith infection with JFH-I virus 
(2, 3). Importantly, olao obsorved core antigen in a amallcr 
number of callsii iimculwod with tho H77-S supernatant fluids 
(Pi*. 2 F*ft), Afl ^e$Cnb«d prervkMjalr for the JH4-1 virus (2), 
H77-S infcclod tells were grouped in small clusters. Thest 
dusters appear to resuli from division of a sinde infected cell 
during xhe C(j_h incubation period or possibly by ceJI-io-cell 
spread of virus. Tmis. in subsequent experiments, we measured 
virus Infecrrvdy in terms of "focus-forming unirs" (FFU). bn- 
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Fig. 2. Infection of Huh*7.F <«at u^ith M77-S and JFM-1 vtrur rules tad into 
lupfrfrtJtsrtT tiuWs 0* cransrecte* Hun-*.* ceiir tfl) Hf v cor 9 anvoen «xare$» 
slon in cells Infected with H/Ab Item or JhH-l (Hfc/rfl virui. «ft wt*r (flows 
a particle wim tmrnunogold "adding indicating rcgpgnUfcm by the a^M mAb 
to E2. (Bar 50 nm.) rTfVJf j*nwa 0 typical JFrM portfclc for comparison. 
{&« alio fig. S.) (£) Time town of irftctiOvF H77-S (op on bars) and JPH-I 
{til lad ban) vitas rd Based irtto f^e<fl»1*nt fluid* of RMA-tranrfacxad Huh-7.S 
calh. H77-5 rokaia was grastcit 34- 49 h +K»r transaction or paaaga orr cslk. 



port antiy. the intensity of antigen staining in ihese cejis mirrored 
taatin the iransiecteaWuh-v.s cells, with less intense staining of 
core antigen in H77-S infected cells, Supernatant fluids re- 
mained intecticxu after passage through a U.i-/um Ulter, consts- 
tdnt with coll-free virus. 

Interestingly, the refeasa of infectious virus from HT7.S 
Cransfected cell9 *M OOi continuous, Nut was greatest 24-48 h 
after trnjufecti on nnd reduced subsequently (Fig. IB). Trypsin 
treatment of the cell monolayer, followd by o 1:3 split and 
its ceding of the cella at a lower density, reaulred in a reproduc- 
ible burst of vims production. Tbc3C results arc consistent wid» 
previous observations indicating that HCV RNA replication is 
tightly coupled to host cell proJIferaaoD and ihat viral RNA 
syntnesif; *s enhanced during the S phase of rhc cell cycle {\\ Ift). 
In contrast, the release Of JFH-1 virus was continuous And 
increased with time (Fig. IB). 

Electron microscopic coatniirjaiion of Gupematam fluids f lont 
both H77-S- and JFH-l-rx&nsfected cultures rt^oaled the pres- 
ence of occasional virua-likc particles measuring 44-64 nm in 
diameter (Fi& 2 A Mart*; »ee also Fia,. S, which is published as 
Supporting, mforrrmtion on the PNA5 web site). Snme particles 
in the H77-S infectious m uteri a J bound £old»labc)cd rnAhrs lu the 
EZ glycoprotein nf HCV (Pi£. 24 i*fi inset). Jmpnrtandy. 
neither viral antigen expression In Inoculated cells nor virus-like 
panicles were observed with supernatant f luiOs taken from ceils 
trarufecied wiih the H77-S/aiilp7 mutant, despite equivaJcnth/ 
robust replication of that RNA in transfoctod colls (Fig. 15, lanes 
3 and 9). Together, time resulw provide strong evidence for the 
production of cell cufture-infectiana H77-S virus in tranafected 
Huh-7.5 evils. Hwcvtr, I tic Junwr numbvr of AmieGr.-pusuirt 
cells obtained with inoculation of the H7?*S harvest compared 
with the J FH-t harvest suoests that the production of infectious 
virus is .10- to ino-foJd less efficient with H?7-s. 

To compare the physical properties uf infectious HT7«5 and 
JFH.l particle alicgiunfi of eAnesntfated prtfittranfifeciion ru- 




Rg. 3. Equilibrium ulr/occmrtfugatlcn of H77-S and JFH-1 partldw In 

bupytnic ioJotsnol qradienta. {A) SciniquarrtHsthrc RT-PC* detection of HCV 
RNA in franrom oi yi^^tents loaded with concentrated, tittered {0.2 pm) 
j upon o torn fluids from «H> trons^e cted with the indicated RHAs. {&) fl«utti 
of mf activity aif ays (bar*) and quarrtrtativaTaqMan RT-PCR ways in fractions 
fnarn gr*adi(tntS loaded with £ont6ntfftcd Tupornatant tluidifrom calh trani- 

feacd with H77-5 (wlW line t*ito open circles) of H77-S/aE1p7 [daihed line 
witn Tilled circles J now. n77-5A^ip7 super narant nuids conieinea no infec- 
tious virus. iO rtesuftj oi similar anays talno freed oris from pr+dJerrtj loaded 
with ccncentroTKi JFH-1 supemmnt fluids. (O and £) HCV core anitgen 
dotactsd byindi ract immu nof kiorssca nca in cotb inoculated with fraction 5 of 
gradiems loaded wilh H77-S 01 or (£) material (lower magnHicatton). 



pernatam fluids were pjssctf Lhroitftti ft 0.7-jim filter and then 
layered onto a preformed LU-4[J% induta^ol gfidi ant, which was 
Cdirrifuged to equilibrium. FrBcCbns collected from tlug iaopy- 
cni'c eradiant waro tested for vjral RNA by the somiquaDtitntrvt 
RT-PCR assay dcserihed above (Fig. X4). Much of the H77-S 
RNA yrua present in frocLions 2 to 3, nur tht top of the {tradicnL, 
but a majur fracnon of the RNA handed djscrcclh/ at a hifher 
density (-1.IS-1.I4 fi/cm 3 ) in fractions. -5 to ft. Importantly, this 
second RNA peat was absent in gradients loaded wjen concen- 
trated supernatant riuids from cells t mm Ceded with the H/'f- 
S/£LHipt mutant (hig. id). AlihovAh « tmaJl amount ot JFH-1 
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RNA was detectable In fraaton 3. most was present in fractions 
5 to fi (Pig. X4). These results were confirmed by real-itme 
quantitative RTVPCR assay* targeting a small, conserved Seg- 
rtient of tJte 3>' nontrwisUted KNA (f Jg. 3 £ and C). When 
fractions were inoculated onto naive Huh-7.5 cells, H77-S in- 
activity wat found onty in fractions 4 and 5, whereat the 
maximum JFH-J infectivity waa preeant in fraction 5 (Pig, 35). 
No infectious vimo was present in aupernfcuint fluids from the 
H77-S/AElp7 tranafected otlla. The interuity of core antigen 
staining in cells infected with the H77-S and JFH-1 virua from 
these giddicnbs showed the characteristic difference in staininj; 
lutenslry descrtned atcve (Fifi. J, compare D and E). These 
resuiis indicate that infectious H77-S virus haa a buoyant density 

vimilar to that uf JFH-1 virus: **■ 1.13-1.14 g/cm 3 . 

We estimated the specific infecth/tty of the JUPK-l and H77-S 
virufiei; banding at this d crusty by comparing the abundttnc* 01 viraJ 
RNA in these fractions (determined by real -time RT-PCR) with the 
infectious ticer. Those results suggested a specific infectivity of 
140 ± 13 S.E. RNA copies par FFU for the JFH-1 virua, compared 
with 54,000 - 1H.P00 COpi« par FFU for the i J77 virus (baeed on 
analysis of three fractions in two indepeodont isOjerirnonb). Thua, 
the JFH-1 virvs hrw greater specific mf activity (hurt the 

H77-S virus in theac fractions. The magnitude of this difference 
cannot be explained by differences in die ability of the RT*PCR 
assay to cfereu JFH- 1 vs. H77-5 RNA, nor is it likely to be due to 
contaminminn of the H77-S vims in fractions 4 anri with rhe RNA 
pcaJdnE in fraexbn 2 of the gradient thsr was not associated with 
infeaious virus (Fig. 3ff). 

Because synthetic kNa transcripts banded at a higher density 
than infectious virus in these gradients (1.13-1.17 g/cra 3 ; fiat a 
not iKown), it is likely that the noninfectious H77-5 RNA in 
Iructionic '1-3 is present in membranous complexes. The possi. 
bility that this malarial might be derived from 'viral repiicase 
complexes u suggested by the presence of NS3 and N&5B within 
these fractions (ceo Fig. 6, which ifi published a 6 supporting 
information on the PNAS web silo). The abundance of E2 and 
coro protein waa not sufficient in fractions containing infectious 
virua for reproducible detection by immunoblot. 

To characterize further the infectious perticlea produced in 
H77-S croreifcctcd ccTW, wc carried out neutralization assays 
using serum samples collected prospectively from injection drug 
users who bad experienced acute genotype 1 HCV Infection (17). 
Dilutions of each scrum sample were mixefi with a fixed amouro 
of H77-S. Incubared Tor 60 min, then kmculated onto naive 
Huh-7.1 tens. A >50% reduction in FFU was considered 
indicative ol virus neutralizing Abs. Wc tested paired sera from 
three subjects, collected before and 8-14 months 2fter initial 
Serologic evidence of HCV infection. As shown in Fig. 4A 
Upptr), none of the preinf&ciion ( e. r * neuir&liaed >50% of the 
H77-5 inoculvro, at any tilution, whereas a i;l0 dilution of each 
of the postinfection scro resulted in an 87- 97% reduction in FFU 
relative to cither the paired preinfactiorMoecirnen, nr a nonarum 
control (9fl i 7 FFU). Fifty percent nCuuiilitaiioii CndpuinU fur 
the prwjtirtfcaiorj sda ranged from 1:700 to >1:1250. The 
Specific neutralization of B77-S infectivity wirh posiinfcctitm 
human sera ennfirms that the infccriniu pHnictc? prnducc;! by 
H77-5 uan^ecreti coir? arc amigenicaTly related to rJiose pro- 
duced during human infections with wiid-lype virus. We also 
teste D tnece sera tor the ability to neotralize JFH-1 virus (Fig. <iA 
t^nwr). Only one of the three po* tinfcciion «cra (patient no. 455) 
was capable of neuwatiaing IF>I-1 virus (tiler = 1:40), indicating 
suhttanrial serologic difference* between those two viruaea. 

CDS! is expressed on the mirface of many colla and b*6 been 
ahown to interact with the E2 protein of HCV (18). Aba to CD81 
block the infection of Huh7 cells with HCV peeudotyped jret- 
rcnrirol p«rriclc5 l aswcJJ as the genotype 2a JFH- 1 virus (2,3, 19), 
Moreover, a soluble CDfil fragmcm blocta jrrfecticin nf hepa- 
toma cetla with the F1--J6/JFH chimera (4). Wc found rhar 




Fig. -4, Ktutr*t>i*tf9n of <efl Culture- produced viruj infectivrty by ontibfldy 
toHCVorCP||.t4) KlUtr«lli«Ti<7n«f H77-S (t/pperj andlFH-1 aoM«f)vinWei 
by rulrAcf prolnfectlon (a.) of a ft ft r urAtthur*rVlan (a) t** ftom thro a iftdK 

i/ id 05 U luiiamfno intectton with oenotype li HCV. Th« herittnttf lri«i arwi 
shaded zones indicate tnc mean and ranoe or infectious roei obtained wtth 
each viral inoculum In ihe a Hie nee of any serum, (a] aotKebi &o, Added ro 

vino before rtt moculstion onto Huh-7J est!*, prevents Infection with efthsr 
H77-S {left) of iFH-1 iXftil) mocut*. 



anti-CDSl Ab efficiently blocLed the infection of Huh-7^ celk 
with tl77-S viruc (Fig. 4B Lafl). The* 0 d«W Fvejgwt lhar H77-S 
and JFH-1 particles bind to end enter Huh-7.5 cclla by nmilar 
mechanwrns, moat likely imrorvinft virue tecoRnirion of the CDS I 
molecule on the cell svrfacc- 

Diccuttion 

Until rcccnrly, efforrs to srudy HCV and lm Inreractlons with host 
ceils have been Impeded by Tlie absence of cell culture systemi 
uhar are CApahie m suppOrh'nfi a(| bt^es of the virus Ufa cycle. 
'Ihe development of efficiently replicating fiul^genninic RNA 
repiicfljut und yotKmo-leugth selwtHblc RNAb has been helpful 
in providing model systems that recapttula;^ events in viral 
potyproiein dyprdfiflion, processing, replicase assembly, and viral 
RNA synthesis (20-22). However, thejie experimental 3y8twn" 
ore not capable of providing insights into interactions of the virus 
wltti host-cell receptors, the process of viral entry, or assembly 
and release from the ccH. The recent recognition mat the 
genotype, 2u vicut, Jl-H-l, it thpablc of very ci&cicnt RNA 
replication ac well as the production of fully infectiuvG vin^ 
patiicUc in Tranffectacl Cells thus represents n major break- 
through for the hepatitis C field. 

Our demonstration here of the ability of the H77-S virua to 
undergo the complete viral life cyde in Huh7^ cells represents 
another imporcaru step in ihe development of useful Cell culture 
system* f or HCV, Unlite rhc genorype ?a JPH.-t virus, trie 
genotype la H77-S virus is represeniatrve of the most prevalent 



PUAt | lobnity U, 2006 | v«l. 109 | na . 7 j 2313 



PAGE 72/79 * RCVD AT 7111/2006 11:49:03 AM [Eastern Dayfcjht Time] ' SVfc USPTO-EFXRF-3/ 1 6 * ONIS:2730904 ' CSID:512 5364598* DURATION (mm-ss):2342 



07/11/2006 11:13 FAX 512 536 4598 



FULBRIGHT @ JAW ORSKI 



@ 073/079 



i 



HCV jcnotypes c* using liver disease within the United .States, 
ao well aa many other countries (5, 6)- It carries live dehnea eeU 
culture-adaptive mutations that aiitinguiflh. it from ihe prototype 
Hutchinson strain (H77C) virus that to highly infectious for 
chimpanzees and that hu been used in many &arry studies 
chuiicloriziiig HCV (i0, l£, 21). The Adaptive mutations in 
H77-S that promote efficient viral R^A replication ore iocntcd 
within ihe NS3/4A protease complex and the NS5A protein, a 
nonstructural phnsphoprutein (17). Both of these pnueins Ap- 
pear co be essential components of the viraJ P.N A replicas, bur 
both proteins also play import Ant roles in confounding innate 
ceJ hilar antiviral defence* (24, 25). How these five adaptive 
mutations modulate these viral function* to promote HCV RNA 
replication remains unknown, as i& their impact, if any, on vjrul 
assembly and release. Tt will be interesting todetefmin a whether 
these mutations reduce the ability of the virus to infect chirn- 
pantccs; ' previous studies with & genotype lb virus Suggest 
.mutaticma that promote RNA replication in cultured celk reduce 
the ability oi the virus to infect chimpanzees (26). 

Although the lower quantities of infecrioua H77-S virus re 
(eased from rranstccrcd cells correlates well widi the lower 
abundance of viral proctitis expressed, compared with JFH-l 
trftni^ecten tens (Fig. iC). tnc production of intoinus virus 
docs not appear to be determined on ry by the cellular abundance 
Of HCV RNA and/or its proteins. In other studies, we coutrt not 
detect release of infectious virus from cells iranifected with a 
highly cell culture-adapted, genotype lb RNA derived from 
HCV-N (22), despite tha expression of viral RNA and proteins 
roufihh/ comparable with that observed with H77-S (M.Y. and 
unpublished data^. 

Quantitatively more viral RNA was released from H77-S 
trensfected cells then JFH-1 trenafeded cells, but most of this 
RNA banded at a very low density in ioduconol £radienia 
(-1.<KM.()7 g/rfl) (Fie. 3By This RNA was not noted viral 
RNA, which possesses a sienifi&andy higher density (L15-L17 
E/ml) (data not shown). The natirre of the low-density RNA is 
uncertain. It may represent onry mcrabranc-bound RNA asso- 
ciated wun replication complexes released from dying ceils, as 
suggested by the presence of NS3 and NS5B in these fractions 
(Fig. 6). it is ititaresting to note, however, that iomc circulating 
HCV RNA mo I ecu! as present in human sera are found at a 
density of ^1.06 am/cm 3 uflcr equilibrium ultraceMrifugation 
(27), euggestiuglhat the low-don&ity RNA released frenri H77-S 
tranaf acted cells may have poeafblc physiologic relevance. 

The much lower specific infectivity of ih© H77-S pamcl6$ 
banding ar L 13-1.14 em /cm 3 , compared with JFH-1 particle* 
with tho name dansity, also remains to be explained. Both viral 
RNA* appear to replicate efficiently in transacted cells (Fie,. 
15), bait th& atrudturdl end nonstructural proteins accumulate 
more slowly in H77-S transected cells (Fi&. 1C). To document 
the presence of core antigen in H77-S infected eelk we were 
required in incubate cells for 9t) h after inoculation with virus. 
In contrast, abundant core antigen was present in JFH-i in toed 
cent by as h. n u tempting to speculate that th« difference mi g fit 
explain, at lcait in part, the 400-iold difference wc observed in 
the specific infecth/iry of JFH-1 and H77-S particle*. However, 
a specific defect in virus entry or encoding cannot be excluded. 
Widely different ceil entry efficiencies have been observed with 
pseudotyped fetroyuueea bearing envelope glycoproteins from 
different IICV strains (19). 

Although further work will be required to answer these and 
many other questions, the availability of a genotype la virua that 
is capable of undergoing the complete viral cycle in cultured cells 
shnujd lie a major asset tci the hepatitis C field. The widely 
divergent neu ttalfeing Ab activities we found against genotype la 
and '/a viruses in human sera (b"ig. *tA) suggest that chase viruses 
may represent distinct serotypes, an observation thftt has ti&nil- 
icant implications for vaccine development. 



Materials and Methods 

Plasm Ich. The H77-S virus was derived from the chimp an J»e- 
infectious gwnOIYCC la pCY-H77C cDNA clone (GenBank oc- 
rassion nn. AF0.U741 ) (1.0). IX contains five cell culture-adaptive 
mutations, two wirhjn NS3 (Q1067R. V165U). one to N$4A 
(Ki6°lF). and rvTo In M.S5A (JOOm*, $72041) (i?.). ConsTruo 
tion ot pH77Ji, formerly called pH77cyUK/VI/K.K/K.R JA ^l. 
ac wcil at the related replication -defective N55H mutant, H77. 
S/AAG, has boon deftcnhcd (12). pH77-5/^Elp7 contains an 
in -frame deletion » punning the El-p7 coding (ace Supporting 
MaxHats and Mzthvdt* whidi is published us supportuia infor- 
mun'Dfl on the FNA.5 web site). The JFH-1, JFH-I/GND. and 
Jf W-l/AJeiW plflirnids arc described in rcf. 3, 

Celk. The Huh7 cell subline, Huh-7.5. was icinctly provided by 
Charlos Rice (RockefeUcr Unrvemity, New York) (13). CcJLs 
were ovltuxud ua daserihed irt f«f. 12. 

Aba, H53 mAb to E2 wu> a ^ift from J, Dubuu^on (Institut da 
Diolofcib da Lillft/Iiut/rut Pasxeur de Lille. Lille, Pro nee) (2£); the 
AP33 mAb kirtrily provided hy A. Pawl (Medical Research 
Council Virology Unit^ Univcrsm/of Olas^ow, Git«?ow» U JC) (29), 
Human sera were provided by D, Netski CThc Johns rtopldns 
Untverslty. naltlmore) (17). CoxnmetclaJl Abs included anrl-core 
C7-50 (AffLniry JRiuReasents, Goldfin. CO), anti-NS? PDJ371 
(BioDesign, ^aco, UH) : and anri-CUiil JS-Bl (BD PharmingcnJ. 

HCV ANA Tremfectiofi bsk) Virue Prvduoipn. HCV RNA* wore 
transcribed in vitro and elect ropora led imo cftlls qe described in 
rcf. 12. In hiiaf, 10 ^ft of in vitro ayrttheaiKfld IICV RNA was 
muted with 5 x 10 6 Huh- 7, 5 Colh in u 2mm wv^Uo end pulsed 
twice et 1.4 W ond 25 j*F. Cells wore socdod into 12-wcll plate* 
for RNA analysis or ti-well plates for protein analysis. For virus 
production, transfer &d cells were seeded into 75 cm 1 flasks and 
teiT wlm medium conrainlng 10% FCS. These ceils were pas- 
saged with a 3:1 Spill at 3-4 days after transXectiOn. Twenty-four 
hours laiee, die medium was replaced with terum-frea m&dium, 
which was collected 24 h later aft the virus harvest. Virus harvests 
were clarified by low -a paad cantrifugation and, whero indicated, 
poised through a 0.2-jim filter before sCebilization by addition of 
20% FCS aud fxcczinj; ot -80°C 

Infactfvhy Asmys. Huh-7.5 tells wcru seeded til 2 x 1& 4 cclbAcll 
in 8-wcll chamber slides (Nadgc Nunc, Rochester* NY) 24 h 
before Inoculation with BO-iOOuJ of culture medium or gradient 
Craaions (see iwlow). cells were rested for rbe presence of 
intracellular core antigen by immunofluorescence Pti h latex (48 
h for Jl-H-i virus), as described below. Clusters of infected cells 
identified by Staining for core antigen were considered to 
constitute a jringlc infectious focus, and virus titers u/ero calcu- 
lated accordingly in terms of FFU/mh 

immunvflHorescence Detection of Intracellular ttCV Anllqen. Cells 
were fbced in methanol: acetone (I ;1) at room tempentturc for 9 
min. chen STaincd with mAb C7-10 ro rtie core ptoteln rillurcd 
1:300, loiioweo by extensive washing, antJ staining with fitc- 
conjugaicd goat anti-moure IgG Ab (1010432, Southern Biotech, 
Birmirtgh^m, AL) n a 1:100 dilution. Nuclei *ere covoc&x. 
stained with Bisbcnzimtdo H (HoechAT, Ptenkfurt am Main, 
Gormany), and Blidenworo examined with n Zeian USM5JOIflF3er 
sc tinning confocul microscope. 

Neutretrwtion As 9S y. Virus stock containing —2 * 10 3 FFU/ml 
vims was mixed wlm an equal volume of serial dilutions of 
hcat-taactrvatcd (WX for inmln) human sera and Incuhaicd at 
JVC lor A tt before inoculation onto Huh-V-S ceiu m K^wdJ 
chamber clidafi, as ducribed above. After incubation of the 
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cultures for 43 pHM) or 9$ (H77-S) h, obHa were ffred and 
stained tor ihc presence of HCV core antigen by indirect 
immunofluorescence (see nbova) ? and the foci of flutiecn- 
posirjve cell* were enumerated, A >5Q% reduction in FPU 
(compared with rirua incubated with np jerum) was conslrJereO 
Indicative of neutralizing Ab; encrpoint 50% neutral Ization titers 
wert catimatcd by using the Iwr-jcquarcs meihod. 

Equilibrium Urtracerwifugarloh. Filtered supcrnaiant fluids col- 
lected ffOrn imnafccted cell cultures (no FCS) w WC concentrated 
20- to -W-fDld by using a CZiMWricon PBHJC Centrifugal Plus-20 
Filler Unir with Ultracel PL mumbrane (100-kna exclusion) 
(MiUJpore), then layared on top of & preformed continwous 
10-4U% iodiKunoJ (OptiPrcp, Sipna-AJdrich) eradicnt in 
H&olur balanced salt Rclution (HB5S; Inviiro^en). Gradient 
were camnfugod in a &W60 rotor (Bcckman COuJrcr) aL 4.5,000 
rpm for 16 h at 4'C, and fraction* (500 ill each) were collected 
from, the top of tube. The density of each Traction was 
estimated by weichinx □ 100-^ drop .from fractions or a gradient 
run in parallel but luaded wiih HRSS. 

l. CMwn, r. v. (2ixrj) rtctttK ow^m 

?^ 0 . ng ' G4M,11I,!ni "- Chonfl, Ci., 3.. KaJn. T, RartOfl. H. H., 

Wbiftn^ 3. Ki Vpriehi**, S. t, , w a khn, T. A CUsjri, F. v. f3005» rtur- Mo/f. 
^cot*. Jri. 101, 0364-0239. ' ' W 

3. W^kJia, T., Pfctsdimarin. r. Kiio. T, Date. T., Mtyww, M„ Zhu, Z., 
Murtlij, X.. tfebemana, Jta^Hcn, | wj., MHOfcami, M„cf *t (20Q5)Mh. 
Mm. 11, 7pl -756. 

^ Ul«lCI»t>KH. D. D.. IW, M. J„ Eydw. A. J. Wo*, D,. T^h^co, T. L.. 

lit, u u Maruyama, T. t Hyncs. ft. O, Bnrtoa. D. EL, licking, j, a ai 

5- Zmb, N. N. (3000) C&l Mczn^inL flrv. 13, 22J-2M. 

6. SimruOftiK P.. Hjkh. Combat, C„ Dal*^*, A, Hwnoh>. K. Fc;.*^ S 
HBJ/On, indiausoc <J . KmltM. C. kilcrlers. a */. (2flDS) HyUt^ 

7. Zwirtio. P. M, Could, B. A., Cu, O, F„ Harvcr, P. JH. a Hrtfraci. C C. fl 9W) 
*>IK A'OJiL <4ca^. Xa. t/£^ QO, U>; ^53, 

^ UWrtflMI. c;. Mttfu. M. E., QMich. D, lUy^rf. fi, Tild, An Balf* P 
F.iiuw^ B. M.. AIibj, U. t Rice. Clw. A M^CltifUi. J. A. (7JW) Froc. Not!. 
JW, Sti. USA ip(, »|49-l0liA. 
». Nibcuul Lwdtuin w f Mr»it*i C«it«fte» Development Panel <2Ufl2) MM 
CotlStniui .TitffmifHl nn Mana^emtni of ktpatiti* c, NIH Conn***, & itc 
Sdooce Simcajcnii (rvaLi. ifrsi. of Hcallh, HeUwstU). vol |U P p 1-4^ 
10 ' Jc^^^ 1 ^4j , ^ ^ " ^ ' ;t ■ lJ ■ ^^ B«tt.l.fl990n ff f.A W M a »i 
n Hllfllt, X- J., MCK«it»Dji, J. A. t MarcofriaihrtB. J. ft Rj«, C. M. liura) /. *7 w f 

12. yj. M. * Umdrt, B. M. (2(KM) / Hfpt 7^ 7WM-79I3. 
U. Bli|ht t K. J., M^Kwcini, J. a. * Rici, C. M. (3002) J. Virvi. W, 130UI- t"H)14 
i«. Mnjiw. R„ Ji, Ua M. Fcry. E., U. K.. Ya^,, M „ Fujit^. T n Lion! 
3. M. i oale, M. J., it. iXU3) /. VirtL 79. 26«!>-2$5S>. 



QuentltotloR of hcv RKA. Both Semiquantitative and qualitative 
reaj-cimc RT-PCR aiSays were u»J todetermmo the abundance 
43f viral RNA in tranrfacled cdls and virm htirvesta. Per dctaiLv 
*ee Supporting Metsriah and Methods. 

tamunebldi Anehnb. Biota were incubated wiih Abs m aire 
(C7-50, 1:30.000) or NS3 (BPB7I. I : vu,«J0J, follnwed by horse- 
radish oerOKidftsrxronjujjarcd imj.,^!,^ (i03o_os South- 
ern Biotech) (1:30,001)). Protein were visuohred by chcmihimi- 
ncscnoft using rengeni* provided wiih the ECL AuVance kit 
(AmorRhftin Phnrmnda Biuscicnce^). 

Wc lliitnk Ruben Purcefl and UttS J»uk^ (ootn or the National Itttiluttu 
nf Health, Detheidil for lac pOV. H 77C: plssmid; Charts Rice for 
Huh7J DdLi; ,ind Dale NcuKt. Jean Uuhnlsson. and Afvirtd Patd fnr 
human 3cm and mAb*. We inant VfevolDtt ^OpOV lor technicol «tvw«, 
Jtromy Y*(« Frinri.i &odola for encclleai teconical asunaace, and 
Ajjnttte Nf.nin for critically review the manu$Crip». TJiip work wav 
•upported by NMional ln W hu<e uf Allsrfiy anil tntccnow Qiseases 
Own UW.AU0DJK, R2t-Ala6345l. and N0l-AI2J48a. 

IB. PUen, P.. Utnui^ij, y .. t -t\y^s^)mi. S, CilU. F,)u g i, f, Pocxac^ R, WWn«. 
m ^ !; ^'^V^ ^ US1 ' G ™ ndl . ^ ^ .liciDictf 211 033-U41. ' 

^K-^P* J- A.. Zhfcnfr ^ 0, Lu B Tini.ft; C. Pllfll, IVL, ZHBJ« j Tu J 

W» L^hmiuft, v., Korncr. P., HocR. J., Hcrljn, u.. TUcJiftHnii. I_ L )i*ae t >- 

■otlJtgtr, R. (1999) Sti^rtee 2A3, j 10-11 J 
« 5" J - A. A. A tt^, C. M. (iODO) JacT^r 1^-1*74. 

22. ixctn. M, Yt M.. U It. <V l.cmnn, S. M. (3003) X |TmL 7tf, Ip9?-J0M 
2A Ptinaionc. 9 m Alitr, it. J., yjeno, H, p,. Shiai^i. Y.. Pappw. N, 

J^. Unefenbach. U. D. A Rice. C. M. (2005) M»iu* jsc, P33-Cifi. 
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cultured human hepatoma cells. 
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Snpptementary Materials and Methods 

Plaamid Con.irrnrrtnn. P H77-S/AElE2p7 contains an iA-frame deletion spanning 
the El-p7 coding region, with the (wrpirjicc encoding the C-termiiuiB of core fuacd 
directly to the N-terminus of NS2. It was crm^rnicred by QuOcChange mutagenesis 
(So-atagene, La Jolla, CA) using the primer set, S'-GACTGTGCCCGC7TCAGCCCT- 
WACAGQAGQTGGCCG-y and 5'-CGCcc^cTCCGT<M 
GGCACAGTC-V (sequence corresponding to the C-terminal core sequence italicized and 
that corresponding to the N-texrninal NS? sequence underlined). 

Quantitation or HCV RNA. Total RNA was imlateri from cell lysaies using the 
RNrasy kit (Qiagen, Valencia, CA) in accordant with Ihc manufacfcimx's instructions 
RNA wjih wUfcsd from cell culture supernatant* and sradient fraction* using the 
QIAamp Viml RNA Wt (Qiagroi). Serai-quantitative long-range RT-PCR was carried out 
uarag reagents provided with the OneStep RT-PCR Kit (Qiagen). Briefly, 1-3 u.1 of RNA 
was reverse-transcribed in a 50 u l reaction mixture at 45° C for 30 min. followed by 
mactrvation of reveree-transcriptase at 95° C for 15 min. Product* wrrn amplified by PCR 
for 30 cycles each comprised of 94* C for 30 sec and 66° C for 2.5 miti. Grrnofype- 
apccific primer sets Urgr^ the H77-S and JFH-1 NS3 coding-regions The H77-S 
primers (nts 3432 to 5306) wore: .^'-GCQTACGCCCAGCAOACGAGAGGCCTCCT- 
AGGGTG-3 * and 5'-GACCTCCAGGTCOGCCGACATGCATGTCA-TGATG-3' The 
JFH-1 primers (nt 3460 to 5322) were: S'-ACXjAGGCCTCCTGGGCGCCATaGT- 
GGTGAGTATGACG-3' and 5'-CTCATGACCTCAAGGTCAGCTTGCATGCATGT- 
GGCG-3\ The quantitative TaqMan RT-PCR analysis was carried out using primer pairs 
and a probe targeting a conserved 221-base sequence within the 5Wtran 6 lated RNA 
segment of the genome HCV84FP, GCCATGGCGTTAGTATGAGTGT HCV 303RP 
CACCCTArCAGCCAGTACCACAA, (for JHM. CQCGCTATCAGGCAGTACC- 
ACAA) and HCV146BHQ, ^AM-TCTOCGGAACCGGTGAGTACACC-DHHl Taq^ 
Man assays utilized reagent pmvided with the EZ RT-PCR Core Reagent kit (Applied 
Biosyfitems, Foster City, CA) and an A*J Prism 7700 instrument/ Reactions were 
mcubatcd at 50* C for 2 min, 60° C 45 min, 95* C 2 min, followed by 40 cycles of 95* C 
fnr 20 sec and 60° C for t min. 

Electron microscopy. Aliquots (100 uL) of gradient fractions were diluted in 
HB5S and concentrated by ultraccntri fiction in a Beckrnan TLA-55 rotor meckman 
Coulter) at 30,000 rpm for 3 hr at 4° C For negative staining, r.oncentraicd particles were 
fiwrf fbr 10 min with 2% glutaraidehydc on copper grid* covr^ with Formvar 
rncmhnracs. AfW willing, samples were stained for 45 sec with 2% uranyl acetate and 
the grids dried. For immuno-^lH labeling of panicles, monoclonal antibodies against E2 
(H53 and AP33) were diluted 1:1 to 1:10 oad incubated with fixed particles for 1 hr at 
room temperature, followed by washing and incubation with secondary goat auti-mouse 
immunoglobulin conjugated to 10 nm gold particles (AuroProhe, Amcrsham Biosciences) 
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Supplementary Figure Legends 



FiRure S. Virus-like particles present in supernatant fluids of cells transfectcd with H77- 
S RNA. (A) Representative panicles identified hy clDctron microscopy in supernatant 
fluids harvnstrd fmrn Huh-7.5 cells tranafected with H77-S RNA. (B) InunUDOgold- 
lahclcd particles identified in supernatant fluids harvested from H77-S Iranefected Huh- 
7.5 cells. The primary antibody used for the left image (identical to ihc inset in Fig. 2, left 
panel, in the main manuscript) and central image was AP33, whereas it w*? HS3 in thr, 
image shown on the right. 



Figure 6. Immunoblot detection of NS3 (top panel) andNS5B (lower panel) in fractions 
of iodixanol gradients loaded with concentrated supernatant fluids harvested from cells 
transfected with the H77-S/AElp7 RNA- 
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Vi ct al. Figure 5 
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Yi et aL Figure 6 
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